A project entitled "Fundamental R&D on Neutron Cross Sections for Innovative Reactors using Advanced Radiation Measurement Technology" was approved as one of "Innovative Nuclear Energy System Technology Development Projects" by the Ministry of Education, Culture, Sports, Science and Technology and started in December 2002. This project consists of three R&D items: (1) the development of advanced measurement technology, (2) the acquisition of neutron cross sections of minor actinides, and (3) the development of a neutron cross-section utilization system. This project will continue until March 2007 with a total budget of 770 million yen. The outline and present status of this project are briefly described.
INTRODUCTION
The neutron capture and fission cross sections of minor actinides are very important for the R&D of innovative nuclear reactors. However, the present status of those cross-section data is quite poor both in quality and quantity. Thus, we proposed a project entitled "Fundamental R&D on Neutron Cross Sections for Innovative Reactors using Advanced Radiation Measurement Technology" to the Ministry of Education, Culture, Sports, Science and Technology (MEXT) and it was approved as one of "Innovative Nuclear Energy System Technology (INEST) Development Projects (Field of Innovative Nuclear Reactor Technology)."
This project consists of three R&D items: (1) the development of advanced measurement technology, (2) the acquisition of neutron cross sections of minor actinides, and (3) the development of a neutron crosssection utilization system. This project started in December 2002 and will continue until March 2007 (a five-year plan). About forty researchers have joined in this project from ten organizations: Tokyo Institute of
DEVELOPMENT OF ADVANCED MEASUREMENT TECHNOLOGY
To accurately measure the neutron capture cross sections of minor actinides, we will develop an innovative -ray detection system by March 2005, utilizing sophisticated semi-conductor detector technology.
Although we will use chemically and isotopically separated minor actinide samples in neutron capture cross-section measurements, impurities of sub % order are inevitable. Then, the influence of impurities will sometimes be serious in the capture cross-section measurements. Thus, we intend to distinguish the impurity nuclides by utilizing the information of total -ray energies that are equal to the excitation energies of neutron-capture states. The excitation energy of the neutron-capture state is the sum of the neutron binding energy of target nuclide and the incident neutron energy, and the former differs by an order of 100 keV for different nuclides. This energy difference at about 7 MeV is easily observed with a Ge detector, but it is difficult to effectively detect all the rays emitted in the de-excitation from the neutron-capture state. Therefore, the use of the 4 Ge spectrometer is essential to discriminate the impurity nuclides.
The design study [1, 2] of the 4 Ge spectrometer was performed based on normal coaxial Ge detectors, clover-type Ge detectors, and cluster-type Ge detectors, which are commercially available. The key issues of 4 Ge spectrometer are (1) the large absolute efficiency for assuring sufficient statistics for the detection of coincident multiple rays; (2) the Compton suppression performance needed to suppress the background events below the total energy peak corresponding to the relevant neutron capture reaction; (3) the high counting rate capacity, because of the strong rays from a radioactive sample; and (4) the segmentation required for detector modules with large solid angles in order to balance the counting rates for all the detectors.
Of course, the cost performance and the shipping schedule need to be reasonable for completing the spectrometer within the limited budget and time. In consideration of these issues, we adopted the design of the 4 Ge spectrometer shown in Fig. 2 . The spectrometer is composed of two cluster detectors and four clover detectors with a narrow neck. Each cluster detector consists of seven encapsulated cluster modules with a hexagonally tapered shape in front. The electrode of the center module is hexagonally segmented in order to distribute the high counting rate of the center module to the individual segmented crystals. The relative efficiency of the individual modules is 55%. The clover detector has four crystals inside and each crystal has a dimension of 50 mm 80 mm. The relative efficiency of the clover detector is 120%.
The Ge detectors are surrounded with large-sized Bi 4 Ge 3 O 12 (BGO) anti-coincidence shields, as shown in Fig. 3 . The BGO shield for the cluster Ge detector was designed and developed. Figure 4 shows the schematic layout of this BGO anti-coincidence shield. The inner diameter is 261 mm. The size of each BGO crystal is 250 mm in length and 55 mm in thickness. The back-catcher BGO shields for the cluster Ge detectors were also designed and developed. The BGO shields for the clover Ge detectors have been designed and developed.
An innovative high-performance data acquisition system will be developed for the new spectrometer [3] . To meet high counting rates due to a radioactive sample, the system should be of high speed. We will utilize sophisticated digital electronics: a recently developed charge-redistribution ADC and a digital signal processor will be combined to constitute a highspeed data acquisition module with a processing time less than 10 µsec and the resolution of 14 bit. The Ge and BGO signals will be treated in the same module. The digitized timing signals as well as pulse-height signals will be treated in the system, and -coincidence and Compton suppression will be processed on a digital basis. Multiple -ray coincident events will be accumulated to get total energy information.
New fission chambers such as the Parallel Plates Avalanche Counter (PPAC) and back-to-back chambers are also being developed for the measurement of fission cross sections.
ACQUISITION OF NEUTRON CROSS SECTIONS OF MINOR ACTINIDES
The measurement of capture and fission cross sections of minor actinides such as 237 Np, 241 Am, and 243 Am will be performed from 2005 to 2007, using the spectrometer and fission chambers to be developed in this project and the existing neutron sources at JAERI, Kyoto University, and Tohoku University. The highflux research reactor, JRR-3M of JAERI, will be used for the performance test of the 4 Ge spectrometer and the high-performance data-acquisition system and for the measurement at thermal energy. The pulsed neutron source by the electron linear accelerator of Kyoto University will be used for the measurement from thermal to keV regions. The cyclotron of Tohoku University will be used for measurement in the MeV region. The preparation of individual neutron beam lines is in progress by repeating test experiments with conventional -ray and neutron detectors.
The sample preparation is one of the most important issues for accurate neutron cross-section measurements. A new globe box, which is used only for the sample preparation, was installed at Kyoto University. A mass analyzer will be also installed at Kyoto University to analyze the prepared samples.
The development of neutron monitors for the capture experiment is another important issue and is in progress at Tokyo Institute of Technology. Two 6 Li glass scintillation detectors have been developed: one is a transmission type detector to monitor the intensity of neutron beam and the other is a small detector to measure the profile of neutron beam.
DEVELOPMENT OF THE NEUTRON CROSS-SECTION UTILIZATION SYSTEM
This R&D item is divided into two sub items. One is the re-evaluation of neutron cross sections of minor actinides on the basis of the experimental data to be obtained in this project. The other is the construction of a Combined System for Nuclear Data Utilization, Circulation, and Transfer: the CONDUCT. The reevaluated cross sections will be contained in the Japanese Evaluated Nuclear Data Library (JENDL) to provide those data to users participating in the R&D of innovative nuclear systems. The CONDUCT will provide the nuclear data in an easily accessible way through the Internet. Users can retrieve the data they need and can draw figures. They can also make and/or retrieve nuclear data for reactor calculation codes. Benchmark calculations will be possible for some standard integral data.
The CONDUCT is composed of a managing system, a data-retrieval and plotting system, and a data processing and utilization system. The conceptual view of the CONDUCT is shown in Fig. 5 . Because the CONDUCT is planned for use through the Internet and there are many kinds of nuclear data stored in the system, it is important to identify the user who can access the restricted data. We are now examining the control methods for the following items: (a) user control, (b) user registration, (c) access restriction, (d) data management, and (e) job control. The users are categorized into administrators, registered users, and unregistered users. The unregistered users can access only unrestricted data. The registered users can take full advantage of the service provided by the CONDUCT.
The data retrieval and plotting system [4] provides the numerical data files, data tables, and figures that are produced from the stored experimental and/or evaluated nuclear data. For quick retrieval, index files are needed. The format of the index files is being studied to give enough information for many kinds of nuclear data. The items included in the index file are the target nucleus, incident and emitted particles, residual nucleus (excited state), physical information, incident energy (energy region), references, and facilities. As for the physical information, resonance parameters, cross sections, angular distributions, energy distributions, and double differential cross sections are to be included.
The processing and utilization system [5] consists of two parts: one is the data-processing part and the other is the utilization part. The processing part provides the tools that create data libraries needed for reactor calculation codes such as MVP, MCNP, ANISN, DOT, ORIGEN2, etc. from the evaluated nuclear data. As for processing codes, NJOY, LICEM, ERRORJ, ESPERANT, etc. are considered. The utilization part provides the tools that make criticality and shielding benchmark calculations, together with the tools tabulating and plotting numerical data. The prototype of the system is being designed.
BEYOND THE PROJECT
This project will terminate in March 2007. However, we hope that the 4 Ge spectrometer and the fission chambers to be developed in this project will be used in the future measurement with the hoped-for spallation neutron source at J-PARC, Japan Proton Accelerator Research Complex.
